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This paper estimates the effects of college attendance from 1870 to 1940 on
productivity in the manufacturing and agricultural sectors. I use data from the
Records of the Office of Education, Census of Manufacturers, and Census of Agricul-
ture from 1870 to 1940 to analyze trends in college attendance and productivity in
the manufacturing and agricultural sectors. I find that every one student increase in
the average number of students enrolled in a university in a county over the previous
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The period from the mid-19th century to the mid-20th century was a time of
massive growth in the university system of the United States (Goldin and Katz, 1999).
Universities increased in number, size, and complexity. These institutions impact the
local economy through a variety of direct and indirect mechanisms. This period
was also a time of dramatic changes in the American economy. Manufacturing and
agriculture grew substantially and the US established itself as the world’s industrial
leader.
Estimating the effects of universities on productivity is made difficult by two
central challenges. First, unobserved factors may affect both universities and firms
leading to the colocation of colleges and highly productive firms. Second, the effects
of universities on productivity may take many decades to manifest.
In many cases, the historical record shows that the founding of a college may
be plausibly exogenous (Moretti, 2004). For example, Georgia sought to establish a
technical college in 1886 and was deciding whether it should be located in Macon or
Atlanta. Both were similar on a number of observable characteristics including ge-
ographic location and access to transportation networks. The site selection decision
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required 24 ballots for Atlanta to acquire a majority and, therefore, it is plausible
Georgia Tech could have been located in Macon (Andrews, 2019). The inclusion of
fixed effects in my model additionally controls for county and county-by-year unob-
served heterogeneity.
In this paper, I examine how the growth in university attendance, measured as
average enrollment in universities in a county over the current and previous 9 years,
impacted the relative productivity of agricultural and manufacturing firms, measured
as output per acre and output per employee, respectively. My analysis employs data
sources on manufacturing, agriculture, colleges, and population that I link through
location data.
In reduced-form regressions, I find that every one student increase in the aver-
age number of students enrolled in a university in a county over the previous decade
increases agricultural output per acre by $.01 and manufacturing output per employee
by $2.13. Additionally, I find that the effect of universities on agricultural productiv-
ity occurs as early as 1880 but the effect on manufacturing productivity takes longer
to manifest and does not appear significant until 1920.
This paper contributes to a variety of different literatures associated with
human capital transmission and regional development. First, I use a comprehensive
data set on US colleges that allows me to better estimate the effect of universities
by exploiting variation in the size of student populations where much of the previous
literature focuses on the existence of a college as the explanatory variable. Second,
I examine the effects on both manufacturing and agricultural productivity whereas
most of the previous literature focuses on one or the other.
This thesis unfolds as follows. Section II discusses the expansion of colleges
in the US, Section III describes my data, Section IV describes my empirical model,
Section V describes my findings, Section VI concludes.
2
Chapter 2
Expansion of the University
System
The period from the mid-19th century to the mid-20th century saw the devel-
opment of many of the defining features of higher education today- the large average
size of institutions, the coexistence of liberal arts colleges and research universities,
and the substantial share of enrollment in the public sector (Goldin and Katz, 1999).
I find that from 1870 to 1940, the number of colleges in the Reports of the Commis-
sioner of Education more than doubled from 332 to 700 with a peak of 906 colleges
in 1926. In the same period mean student enrollment in a county with a college
increased nearly tenfold from 244.7 to 2,387.96.
This period saw increased governmental support of the university system. The
Morrill Act of 1862 granted each state 30,000 acres for each of its congressional seats
to be sold in order to finance the establishment of colleges specializing in agriculture
and the mechanic arts (Cunningham, 2019). A similar bill in 1890 provided regular
funds to support land-grant colleges. Altogether, 73 land-grant colleges and univer-
sities were founded, with each state having at least one (Moretti, 2004). These state
3
institutions increasingly focused on providing public goods for the state in the form
of knowledge. This had two major implications. First, state institutions in the 19th
century were more practically and scientifically oriented. Second, state institutions
often invested most heavily on research in the dominant industries of the state (Goldin
and Katz, 1999).
Figure 1 shows the location of colleges in counties over time. Figure 2 shows
the variation in number of colleges across counties and over time. Figure 3 shows the
variation in number of students across counties and over time.
4
Figure 1: Location of Colleges
(a) 1880
(b) 1930
Note: In each Panel, the location of a college is represented by a point on the map. A college is
defined as existing if an observation occurs before or on the date of the graph and if there is an
observation after or on the date of the graph. Source: All data comes from the Reports of the
Commissioner of Education. 5
Figure 2: Geographic Distribution of Colleges
(a) 1880
(b) 1930
Note: In each Panel, counties are shaded according to their calculated number of colleges in 1880
(Panel A) and 1930 (Panel B). Counties are divided into five groups, and darker shades denote larger
numbers of colleges. Source: All data comes from the Reports of the Commissioner of Education.
6
Figure 3: Geographic Distribution of Students
(a) 1880
(b) 1930
Note: In each Panel, counties are shaded according to their calculated number of students in 1880
(Panel A) and 1930 (Panel B). Counties are divided into six groups, darker shades denote larger
numbers of students, and white represents missing data. Source: All data comes from the Reports
of the Commissioner of Education. 7
Chapter 3
Data and Descriptive Statistics
Below I describe my data and sample selection.
3.1 Data Sources
My analysis uses several data sources which are linked by a county identifier
or latitude and longitude data.
3.1.1 College Data
I use data from the Reports of the Commissioner of Education. This data
is unique to my research. The data comprises all reporting colleges operating in
the United States during the period from 1870 to 1940. I have data for every year
annually from 1870 to 1913, 1915, and then every other year from 1916 until 1940.
To the best of my knowledge, the next best available data sets would be reports
translated for the years 1870, 1875, 1880, 1885, 1890, 1895, 1900, 1905, 1910, and
1914 by Heyu Xiong and Yiling Zhao and 1897, 1924, and 1934 by Claudia Goldin
(Andrews, 2019). My dataset contains information on the name and location of the
8
college, date the college was organized, number of professors by gender, number of
students by gender, religious affiliation, and the size of the university’s library. The
location data was geocoded using opencagegeo (Zeigermann, 2018) and geocodehere
(Heß, 2020) in 2019. I use a 1990 county shapefile created by Fabian Eckert, Andrés
Gvirtz, Jack Liang, and Michael Peters (Eckert et al., 2018) which I then convert
from Albers Equal Area Conic Projection to Latitude Longitude data as the county
basemap. The college data was then assigned a county polygon from the resulting
converted county shapefile.
3.1.2 Manufacturing Data
I use data from the US Census on Manufacturing which has been digitized for
each county for the decennial census years 1870-1900 and 1920-1940. The dataset
contains information from all manufacturing establishments with more than $500
in output (Walker, 1872). The manufacturing census includes data on number of
establishments, number of employees, annual wages, costs of materials, level of capital
invested in manufacturing, and value of output (Manson et al., 2016). In the initial
productivity calculation I restrict the data used to value of manufacturing output and
number of employees. The data for all years is adjusted to reflect 1990 counties (Eckert
et al., 2018). All values in dollars are converted to 2018 dollars using the Consumer
Price Index values reported for each year by the Minneapolis Federal Reserve Bank
(FED, 2018).
3.1.3 Agricultural Data
I use Agricultural Census data which has been digitized for each county for
the decennial census years 1870-1940. The dataset contains information on number
9
of farms, wages of farmers, costs of farm inputs, total amount of farmland, value of
farmland, and agricultural output (Manson et al., 2016). In the initial productivity
calculation I restrict the data used to agricultural output and total amount of farm-
land. The data for all years is adjusted to reflect 1990 counties (Eckert et al., 2018).
All values in dollars are converted to 2018 dollars using the Consumer Price Index
values reported for each year by the Minneapolis Federal Reserve Bank (FED, 2018).
3.1.4 Population Data
I use data on population from the decennial censuses which has been digitized
for each county for the decennial years 1870-1940 (Manson et al., 2016).
3.1.5 Historic Railroad Data
I use data on railroads for the lower 48 states from 1776 through approximately
1911 with additional data through 1920. These files were created by Jeremy Atack
using ESRI’s GIS software. Railroad locations come from the union of modern railroad
SHP files published as a part of the National Atlas database by the U.S. Department
of Transportation and USGS 7.5 minute topographical maps from the late nineteenth
century onwards (Atack, 2018). The existence of a particular railroad at a given
time was determined by its existence on maps of the time (Atack, 2018). These
transportation files are the basis of most, if not all, research on the impacts of railroad
expansion in the United States.
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3.2 Sample Selection and Summary Statistics
Table 1 displays summary statistics for information on colleges. The table
shows the means of number of professors, number of students, founding date, number
of books in the library, and proportion of colleges that are religious, with standard
deviations and percentage of observations missing in parenthesis. The number of

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2 displays summary statistics for key firm variables. The table gives
means of the level of agricultural revenue, total land used for farming, agricultural
revenue per acre, manufacturing revenue, number of employees, and manufacturing
revenue per employee, with standard deviations and percent of observations missing
in parenthesis. Agricultural revenue, total land used for farming, manufacturing
revenue, and number of employees increase from 1870 to 1930 but fall in 1940 likely
due to the Great Depression. Agricultural revenue per acre increases from 1880 to
1920 but then decreases in 1920 before increasing again. Agricultural revenue per
acre in 1870 may be artificially high due to an incorrect approximation of farmland in
1870 described in section 5.3.3. By comparison, manufacturing revenue per employee




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 4 shows the variation in agricultural output per acre across counties
and over time. Figure 5 shows the variation in manufacturing output per employee
across counties and over time.
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Figure 4: Geographic Distribution of Agricultural Output Per Acre (USD)
(a) 1880
(b) 1930
Note: In each Panel, counties are shaded according to their calculated level of agricultural output
per acre in 1880 (Panel A) and 1930 (Panel B). Counties are divided into six groups, darker shades
denote higher agricultural output per acre, and white represents missing data. Source: All data
comes from the Census of Agriculture published by the Census Bureau and made available by IPUMS
NHGIS.
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Figure 5: Geographic Distribution of Manufacturing Output Per Employee (USD)
(a) 1880
(b) 1930
Note: In each Panel, counties are shaded according to their calculated level of manufacturing
output per employee in 1880 (Panel A) and 1930 (Panel B). Counties are divided into six groups,
darker shades denote higher manufacturing output per employee, and white represents missing data.
Source: All data comes from the Census of Manufacturers published by the Census Bureau and





My two main outcomes of interest are agricultural productivity and manufac-
turing productivity. I define agricultural productivity (PAct) as agricultural revenue
per acre. I define manufacturing productivity (PMct) as manufacturing revenue per
employee:
PAct = ARct/Act (1)
PMct = MRct/Lct (2)
where ARct is the value of agricultural output in county c and year t, Act is the
total number of acres used for farming in county c and year t, MRct is the value of
manufacturing output in county c and year t, and Lct is the total number of employees
employed by all manufacturing firms1 in county c and year t. I follow Kantor and
Whalley (2019) in regarding agricultural revenue per acre as a measure of the revenue
1Firms were instructed to report the average number of employees they employed during the year




I regress outcome, y, where y represents either PAct or PMct, in county c and
time t on the average number of students enrolled in universities since the last census,
population, county fixed effects, and county-by-year fixed effects.
yct = β0 + β1studentsct + β2populationct + γc + γct + εct (3)
The coefficient β1 reports the effect of average number of students on outcome, y,
comparing changes in counties with relative increases in average number of students
to other counties controlling for population, county fixed effects, and county-by-year
fixed effects. The identification assumption is that counties with relative increases in




5.1 Estimated Impacts on Productivity
I use equation (3) to estimate the effect of colleges on agricultural and man-
ufacturing productivity. Table 3 presents the effects of an increase in the average
number of students enrolled in universities since the last census on agricultural and
manufacturing productivity, respectively. Panel 1 reports the impact of average num-
ber of students on agricultural and manufacturing productivity controlling for county
and county-by-year fixed effects only. Panel 2 reports the impact of average num-
ber of students on agricultural and manufacturing productivity adding a control for
population.
The results show that an increase in the average number of students enrolled
in universities increases productivity in the agricultural and manufacturing sectors.
Although these estimates need to be interpreted with caution, I find that every one
student increase in the average number of students enrolled in a university in a county
over the preceding decade increases manufacturing output per employee by $2.13,
holding all else equal. This is significant at the 95% significance level. Additionally,
20
Table 3: Fixed Effect Regression Table for Productivity Lagged Students
Panel 1. Productivity Growth. Raw
Agricultural Manufacturing
β1 0.014 2.237
(s.e.) ( 0.006 ) ( 0.986 )
Adj. R2 0.509 0.698
N 2973.000 2430.000
Outcome Mean 212.265 84367.133
Panel 2. Productivity Growth. Control for Population
Agricultural Manufacturing
β1 0.013 2.131
(s.e.) ( 0.006 ) ( 0.990 )
Adj. R2 0.510 0.698
N 2973.000 2430.000
Outcome Mean 212.265 84367.133
1 yct = β0 + β1studentsct + γc + γct + εct
2 yct = β0 + β1studentsct + β2populationct + γc + γct + εct
I find that every one student increase in the average number of students enrolled in
a university in a county over the preceding decade, increases agricultural output per
acre by $.01, holding all else equal. This effect is modest but significant at the 95%
confidence level.
Figure 6 graphs mean agricultural output per acre (a) and manufacturing out-
put per employee (b) for counties with a university and counties without a university
by year. Figure 6a shows that agricultural productivity is higher in counties without a
college in 1870 but counties with a college became more productive starting in 1880.
Panel 6b shows that manufacturing productivity was about equal in counties with
and without a university in 1870. This effect persists until 1920 when counties with
a college became consistently more productive on average.
21
Figure 6: Actual and Counterfactual Productivity Measures
(a) Agricultural Revenue Per Acre (USD)
(b) Manufacturing Revenue Per Employee (USD)
Note: each panel compares mean agricultural output per acre (Panel A) and mean manufacturing
output per employee (Panel B) for counties with a college and counties without a college at the
decennial years from 1870 to 1940. Source: Data on colleges comes from the Reports of the
Commissioner of Education. Data on agriculture comes from the Census of Agriculture and data
on manufacturing comes from Census of Manufacturers both of which are published by the Census
Bureau and made available by IPUMS NHGIS.
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5.2 Theoretical Explanation
Colleges have been hypothesized to increase productivity through two main
channels: direct effects that involve the direct interaction between faculty, students,
and firms and indirect effects such as spillovers and agglomeration economies. Col-
leges directly increase human capital through three mechanisms. First, universities
facilitate interaction between faculty and local business establishments (Liu, 2015).
Second, they increase the local supply of human capital by training students who
remain in the area (Abel and Deitz, 2012). Third, faculty conducts research which de-
velops new ideas or processes (Andrews, 2019). It has been shown that human capital
increases individual-level productivity and idea generation (Becker, 1993). Therefore,
we would expect that a higher level of human capital within a region would increase
regional productivity. Education is of great value in agriculture since it helps farmers
adapt more quickly to new hybrids and other new technologies (Becker, 1993). Col-
leges may also increase productivity through indirect channels. The most prominent
of these mechanisms is that colleges increase the population of the surrounding region
leading to agglomeration economies. Agglomeration economies can increase produc-
tivity through three channels: intermediate input sharing, knowledge spillovers, and
labor market pooling (Marshall, 1890). My study attempts to control for the effect
of agglomeration economies by including a control for population.
5.3 Measurement Error




During the process of converting the data to a usuable format I had to drop
1784 observations making up 5.67% of the dataset. These observations were dropped
for various reasons. Forty-three duplicate observations were dropped. Eighty-four
observations were dropped because the college name was ambiguous, likely contained
an error, appeared to summarize a category as opposed to being an observation for
a college, or the college was part of a US territory that has not become a state.
Twenty-seven observations were dropped because they were located in Hawaii or
Alaska which I did not have county data for. Four hundred thirty-six observations
were dropped because I was unable to assign them geographic coordinates. One
thousand one hundred ninety-four observations were dropped because I was unable
to assign the college a founding date. Additionally, I homogenized the locations of
colleges to one location to reduce the chance that the same college would be geocoded
to multiple addresses. However, I tried to maintain the location for an observation if
it was obvious the college had moved over time. This process may have resulted in a
college being placed in the incorrect county if the college had moved and I incorrectly
assumed it had not.
5.3.2 Manufacturing Data
The data reported for manufacturers is susceptible to several sources of error.
First, census enumerators were paid on a per-firm basis meaning in rural areas which
are less densely populated census enumerators had less of an incentive to survey
isolated manufacturing activities (Atack and Bateman, 1999). However, a review of
the census manuscripts by Jeremy Atack “reveal[s] evidence of the care and attention
to detail paid by so many enumerators” (Atack and Bateman, 1999). Second, the
24
census data may have been manipulated by “replacing information reported by the
original enumerators with other (more appropriate?) numbers” (Atack and Bateman,
1999) by compilers in Washington D.C. Third, the tallies recorded were incorrect and
inconsistent with the reports by enumerators. Fourth, like the college data there
may have been mistakes in translating from census reports of the time to a usable
dataset. Additionally, county level manufacturing data was not collected for 1910 so
I am unable to calculate manufacturing productivity in 1910.
5.3.3 Agricultural Data
The agricultural data suffers from two major pitfalls. First, the total amount
of farmland in a county was not reported for the years 1870, 1880, and 1890. I,
therefore, had to estimate total farmland for these years. For the years 1880 and
1890, average farm size was reported. I calculated total farm land in a county by
multiplying the average size of the farm by the number of farms. In 1870, the census
provided a breakdown of the number of farms belonging to nine size categories1.
I estimated the amount of farmland in 1870 by multiplying the number of farms
belonging to a category by the lower bin size. For example, if the category was 10-19
acres and contained 10 farms I calculated the total farm size for that group to be
100 acres. This was the specification that minimized the mean difference between the
estimated farm land amount and the true amount of farmland in a county in 1900
and the calculated level for 1880 and 1890. Second, agricultural output was reported
as total farm revenue from 1870-1900 and then total revenue from crop production
not fed to livestock from 1910-1940. This change in specification decreased output
for the years 1910-1940 relative to the pre-1910 period. I control for this by including
1less than 3 acres, 3-9 acres, 10-19 acres, 20-49 acres, 50-99 acres, 100-499 acres, 500-999 acres,




The main challenge of estimating the effect that universities have on labor pro-
ductivity is that university activity is not random. This endogeneity occurs because
the universities are possibly affected by the existence of highly productive firms. This
impacts the college in several ways. First, highly productive regions are likely to be
wealthier and, therefore, possess the political capital neccessary to lobby for a col-
lege. Second, these regions are likely to have higher demand for education either by
increased demand for an educated labor force or parents of wealthy families wanting
to educate their children. Third, highly productive individuals may provide human
or physical capital required by the college to be successful.
Several strategies have been proposed to counteract this problem. The first and
most popular is to assume the locations of colleges are random (Currie and Moretti
(2003), Moretti (2004), Liu (2015)). These studies typically look specifically at land-
grant colleges in the US. An example of this is Moretti’s Estimating the Social Return
to Higher Education: Evidence From Longitudinal and Repeated Cross-Sectional
Data which states that “Land-grant colleges were often established in rural areas,
and their location was not dependent on natural resources or other factors that could
make an area wealthier. In fact, judged from today’s point of view, the geographical
location of land-grant colleges seems close to random” (Moretti, 2004). The second
method is using synthetic control counties to run a difference-in-difference regression.
This method uses weighted averages of counties where the weights are chosen to
ensure the synthetic county closely matches the treated county (Liu, 2015). The
third method is to use instrumental variables. Some instruments that have been
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used in the literature are stock market shocks on endowment spending (Kantor and
Whalley, 2014) and establishment of agricultural experiment stations at preexisting
land-grant colleges (Kantor and Whalley, 2019). Fourth, is using narrative history
to identify runner-up sites and universities whose location is as good as random and
running a difference-in-difference regression. This methodology relies on the idea that
when selecting where to locate a new college, dozens of possible candidate locations
are considered and iteratively eliminated; by the time only a few finalists sites are left
they are likely similar along both observable and unobservable dimensions (Andrews,
2019). I counteract the endogeneity problem by including county and county-by-year
fixed effects. I assume colleges are plausibly located randomly at the county level
when controlling for county and county-by-year.
5.5 Robustness Checks
I conduct additional analysis to evaluate several possible concerns.
5.5.1 Restricting the Time Period
First, I restrict the period of study to the timeframe 1870-1930. The Great
Depression caused massive changes in the economic landscape of the United States.
We would expect that levels of output would fall substantially during this time. This
specification leads to the effect of lagged number of students on agricultural pro-
ductivity becoming insignificant but manufacturing productivity remains significant
although with a slightly reduced effect2.
2$1.67 vs $2.13 per employee
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5.5.2 Regression on Current Number of Students
Second, I estimated the impact of current number of students on my produc-
tivity estimates. Agricultural productivity is significant at the 99% significance level
and the point estimate is left unchanged. Manufacturing productivity is significant
at the 90% level and the point estimate is reduced to $1.49 per employee.
5.5.3 Regression on Average Number of Students Since the
Last Census Per Capita
Third, I estimate the impact of average number of students since the last census
per capita on my productivity estimates. This specification results in point estimates
that are insignificant for agricultural productivity and manufacturing productivity.
5.5.4 Alternative Total Farmland Assumption for 1870
One concern is that my estimation method for the total amount of farmland in
1870 underestimates the amount of farmland. Therefore, I estimated the amount of
farmland in 1870 by multiplying the number of farms belonging to a category by the
midpoint of the bin size instead of the lower bound. For example, if the category was
10-19 acres and contained 10 farms, I calculated the total farm size for that group to
be 145 acres. This specification results in point estimates that are insignificant for
agricultural productivity.
5.5.5 Standardize Farm Revenues
Another concern is that the county-by-year fixed effects do not control for
the changed method of reporting agricultural revenue between 1900 and 1910. I
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standardize farm revenue to a within-year mean of zero and standard deviation of
one, using the year mean and standard deviation. This specification results in point
estimates that are insignificant for agricultural productivity.
5.5.6 Alternate Productivity Measure
Another potential measure of productivity growth is to calculate the growth
in producer surplus:
PAct = dARct − dACct (4)
PMct = dMRct − dMCct (5)
where dARct is growth in the total value of agricultural output in county c and year
t, dACct is growth in the total value of inputs used in agriculture in county c and year
t, dMRct is growth in the total value of manufacturing output in county c and year
t, and dMCct is growth in the total value of inputs used in manufacturing in county
c and year t. A variation of this specification is referred to as productivity growth by
Solow, 1957; Basu and Fernald, 2002; Petrin and Levinsohn, 2012; Baqaee and Farhi,
2017; Donaldson and Hornbeck, 2019. This specification results in point estimates
that are insignificant for agricultural productivity and manufacturing productivity.
This method may suffer from significant measurement error in the methods by which
inputs are calculated. For example, the types of costs reported for farms vary from
census to census3 (Manson et al., 2016) and costs for labor and capital may be under-
3In 1870, the census reports the expenditures on wages and implements and machinery. In 1880,
the census reports expenditures on fertilizer, fencing, and implements and machinery. In 1890, the
census reports expenditures on fertilizer and implements and machinery. In 1900, the census reports
expenditures on fertilizer, wages, irrigation, and implements and machinery. In 1910, the census
reports expenditures on wages, rent, fertilizer, feed, irrigation, and implements and machinery. In
1920, the census reports expenditures on wages, feed, fertilizer, and implements and machinery.
In 1930, the census reports expenditures on feed, fertilizer, labor, machinery, power. In 1940, the
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reported for manufacturing (Hornbeck and Rotemberg, 2019).
5.5.7 Include Control for Distance to Railroad
According to Hornbeck and Rotemberg (2019) and Fogel (1964) railroads were
a significant innovation in the transportation sector that generated large economic
gains. I include distance to a railroad as an additional control. The regression equa-
tion then becomes:
yct = β0 + β1studentsct + β2populationct + β3distrailroadct + γc + γct + εct (6)
A pitfall of this method is that GIS railroad data is only available up to 1920 and,
therefore, I had to restrict the period of study to 1920. This specification results in a
estimates that are insignificant for manufacturing productivity. However, agricultural
productivity is significant at the 95% confidence level and the point estimate increases
from $.01 to $.05.




The period following 1870 shaped the modern research university in the United
States. The number of individuals enrolled in universities and the economy of the
United States increased dramatically during the period from 1870 to 1940.
I find that every one student increase in the average number of students en-
rolled in a university in a county over the previous decade increases agricultural output
per acre by $.01 and manufacturing output per employee by $2.13. Additionally, I
find that the effect of universities on agricultural productivity occurs as early as 1880
but the effect on manufacturing productivity takes longer to manifest and does not
appear significant until 1920.
6.1 Limitations Of Study
It is possible that these results are undermined if colleges are not located
randomly and are instead influenced by the presence of highly productive firms.
Additionally, lack of consistent data throughout the period of study limited the
types of studies that could be conducted and required me to make possibly inaccurate
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assumptions that may undermine my findings.
6.2 Recommendations for Further Research
My study provides three directions for future work. First, developing a more
sophisticated estimation strategy such as a synthetic control method to better control
for the concern that the establishment and effectiveness of colleges are not random.
Second, more comprehensively compensating for inaccurate data in the Census of
Manufacturers and Agriculture to calculate productivity growth using change in pro-
ducer surplus as a metric. Third, extending the work of Jeremy Atack on historic
transportation networks through 1940 so that market access can be included as a
control for the entire period of study.
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Appendix A Location Maps
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Note: In each Panel, the location of a college is represented by a point on the map. A college is
defined as existing if an observation occurs before or on the date of the graph and if there is an
observation after or on the date of the graph. Source: All data comes from the Reports of the
Commissioner of Education.
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Note: In each Panel, the location of a railroad is represented by a line on the map. A railroad is
defined as existing by Jeremy Atack if it was shown on maps of the time. Source: All data comes
from Jeremy Atack’s work on historic transportation shape files.
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Note: In each Panel, the location of a river is represented by a line on the map. A river is defined
as existing by Jeremy Atack if it was shown on maps of the time. Source: All data comes from
Jeremy Atack’s work on historic transportation shape files.
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Note: In each Panel, the location of a canal is represented by a line on the map. A canal is defined
as existing by Jeremy Atack if it was shown on maps of the time. Source: All data comes from
Jeremy Atack’s work on historic transportation shape files.
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Note: In each Panel, the location of colleges are represented by points on the map, railroads are
represented by a grey line, and rivers are located by a blue line. A college is defined as existing if an
observation occurs before or on the date of the graph and if there is an observation after or on the date
of the graph. Railroads and rivers are defined as existing by Jeremy Atack if they were shown on maps
of the time. Source: Data on colleges comes from the Reports of the Commissioner of Education.
Data on transportation networks comes from Jeremy Atack’s work on historic transportation shape
files.
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Note: In each Panel, counties are shaded according to their calculated number of colleges in each
year. Counties are divided into five groups, and darker shades denote larger numbers of colleges.
Source: All data comes from the Reports of the Commissioner of Education.
56












Note: In each Panel, counties are shaded according to their calculated number of colleges opened
during the previous decade. Counties are divided into five groups, and darker shades denote larger
numbers of college openings. Source: All data comes from the Reports of the Commissioner of
Education.
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Note: In each Panel, counties are shaded according to their calculated number of students in each
year. Counties are divided into six groups, darker shades denote larger numbers of students, and
white represents missing data. Source: All data comes from the Reports of the Commissioner of
Education.
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Note: In each Panel, counties are shaded according to their calculated number of professors in each
year. Counties are divided into six groups, darker shades denote larger numbers of professors, and
white represents missing data. Source: All data comes from the Reports of the Commissioner of
Education.
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Appendix B Maps of Agricultural Statistics
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Note: In each Panel, counties are shaded according to their calculated number of farms in each
year. Counties are divided into six groups, darker shades denote higher numbers of farms, and white
represents missing data. Source: All data comes from the Census of Agriculture published by the
Census Bureau and made available by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated level of wages paid to farmers
in each year. Counties are divided into six groups, darker shades denote higher levels of wages paid to
farmers, and white represents missing data. Source: All data comes from the Census of Agriculture
published by the Census Bureau and made available by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated level of agricultural output.
Counties are divided into six groups, darker shades denote higher levels of agricultural output, and
white represents missing data. Source: All data comes from the Census of Agriculture published
by the Census Bureau and made available by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated amount of farmland. Counties
are divided into six groups, darker shades denote higher amounts of farmland, and white represents
missing data. Source: All data comes from the Census of Agriculture published by the Census
Bureau and made available by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated level of agricultural output
per acre. Counties are divided into six groups, darker shades denote higher levels of agricultural
output per acre, and white represents missing data. Source: All data comes from the Census of
Agriculture published by the Census Bureau and made available by IPUMS NHGIS.
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Appendix C Map of Manufacturing Statistics
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Note: In each Panel, counties are shaded according to their calculated number of manufacturing
firms in each year. Counties are divided into six groups, darker shades denote higher numbers of
manufacturing firms, and white represents missing data. Source: All data comes from the Census
of Manufacturers published by the Census Bureau and made available by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated level of wages paid to man-
ufacturing workers in each year. Counties are divided into six groups, darker shades denote higher
levels of wages paid to manufacturing workers, and white represents missing data. Source: All
data comes from the Census of Manufacturers published by the Census Bureau and made available
by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated level of manufacturing output.
Counties are divided into six groups, darker shades denote higher levels of manufacturing output,
and white represents missing data. Source: All data comes from the Census of Manufacturers
published by the Census Bureau and made available by IPUMS NHGIS.
101











Note: In each Panel, counties are shaded according to their calculated number of manufacturing
employees. Counties are divided into six groups, darker shades denote higher numbers of manufac-
turing employees, and white represents missing data. Source: All data comes from the Census of
Manufacturers published by the Census Bureau and made available by IPUMS NHGIS.
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Note: In each Panel, counties are shaded according to their calculated level of manufacturing
output per employee. Counties are divided into six groups, darker shades denote higher levels of
manufacturing output per employee, and white represents missing data. Source: All data comes
from the Census of Manufacturers published by the Census Bureau and made available by IPUMS
NHGIS.
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Appendix D Additional Graphs
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Figure 26: Outcome Variable and Lagged Number of Students
(a) Agricultural Revenue Per Acre (USD) and Lagged Number of Students
(b) Manufacturing Revenue Per Employee (USD) and Laggged Number of Students
Note: each panel compares mean agricultural output per acre (Panel A) and mean manufacturing
output per employee (Panel B) for counties with a college to the mean lagged number of students
at the decennial years from 1870 to 1940. Source: Data on colleges comes from the Reports of the
Commissioner of Education. Data on agriculture comes from the Census of Agriculture and data
on manufacturing comes from Census of Manufacturers both of which are published by the Census
Bureau and made available by IPUMS NHGIS.
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